Background: Co-morbidities may complicate the clinical management of chronic conditions such as asthma.
adults with and without asthma are few. The data available suggest associations between asthma and major chronic conditions such as hypertension, diabetes, coronary heart disease, chronic heart failure, or malignancies that are not commonly recognised as co-morbidities typical of patients with asthma. 3 Previous reports, however, have mainly been based on administrative data, 4-7 which do not permit adjustment for potential confounders such as socio-demographic factors or health-related behaviours.
Moreover, few studies have so far addressed the consequences of co-morbidities for health outcomes and healthcare among adults with asthma. Two previous analyses of population-based data suggested an adverse effect of major chronic conditions on usual activity levels as well as on general and disease-specific HRQoL. 8, 9 When comparing adults with and without asthma, co-morbidity was found to be associated with a significant proportion of overall hospitalisations, emergency room visits, and ambulatory care visits based on administrative health data. 5 In an analysis of data from a large national health survey, Zhang et al. reported that persons with asthma who had at least one concurrent major chronic condition had a significantly higher chance to have experienced asthma symptoms and/or acute asthma attacks in the past year than those with no concurrent major chronic conditions. 10 These authors also addressed the relevance of further research on the influence of major chronic conditions on asthma-related hospitalisations, emergency department (ED) visits, and physician visits.
Against this background, we used nationally representative health survey data of adults in Germany to quantify the strength of the association between asthma and eight other chronic conditions selected for their high prevalence and/or high impact on the healthcare system. 11, 12 We further analysed the influence of comorbidity on unscheduled inpatient and outpatient asthma care among adults with asthma.
Methods

Study design and study population
German Health Update (GEDA) is a periodically repeated national telephone health interview survey of adults (>18 years of age). 13 The target population of these cross-sectional studies consists of all adults who live in private households with a landline telephone and who can fluently speak and understand German. A two-stage sampling procedure was used.
14,15 For sampling at the household level, the Gabler-Häder method 16 was applied to randomly generate a pool of about 220,000 telephone numbers from complete listings of landline telephone extensions 14, 15 while, for random sampling at the individual level, the 'last birthday method' was used. 17 The study was approved by the Federal Commissioner for Data Protection and Freedom of Information and verbal informed consent had been received from all participants prior to the interview.
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Data collection and study variables
Information on health status, medical history, health-related behaviours, socio-demographic, and anthropometric variables was collected based on computer-assisted telephone interviews. Based on a highly standardised protocol, interviewers who were trained and closely supervised according to the guidelines of the Behavioural Risk Factor Surveillance System of the Centers for Disease Control and Prevention (BRFSS) carried out the interviews. 19 Participants were defined as having current asthma if they answered affirmatively to both of the consecutive questions about whether they had ever been told by a physician that they had asthma and whether asthma had been present within the last 12 months.
For the present analysis, data from the two consecutive national telephone health interview surveys (GEDA 2009 and 2010) were analysed. Persons with and without physician-diagnosed asthma in the past 12 months were compared with regard to eight concurrent high impact and/or high prevalence physician-diagnosed chronic conditions 11, 12 : diabetes mellitus, hypertension, chronic heart failure, depression, osteoarthritis, and a lifetime diagnosis of stroke, coronary heart disease (with or without myocardial infarction), and cancer based on definitions that have previously been described in detail. 20, 21 An additive co-morbidity index was calculated as a fourlevel categorical variable (0, 1, 2, >3) adapted from Broemeling et al. and Prosser et al. 4, 12 In the subset of 1,136 individuals who participated in the 2010 GEDA survey and who reported a history of current asthma, information on the age of asthma onset and asthma-specific healthcare utilisation was obtained. 22 The duration of asthma in years was calculated based on information on the current age and reported age of asthma onset. Asthma-related unscheduled care during the past 12 months was assessed using questions adapted from the BRFSS Asthma Call-back Survey section on healthcare utilisation, Adult Questionnaire. 23 Unscheduled asthma care was differentiated into unscheduled inpatient care (any vs. no asthmarelated hospital or ED admission) and unscheduled outpatient care (any vs. no unscheduled doctor's office visit for urgent treatment of worsening asthma symptoms or an asthma attack).
Self-reported weight in kilograms was divided by height in metres squared in order to obtain the body mass index (BMI) of each survey participant. BMI level categories were classified according to criteria of the World Health Organization 24, 25 and defined as obese (>30 kg/m 2 ), overweight (>25-<30 kg/m 2 ) and non-overweight/nonobese (<25 kg/m 2 ). Educational attainment was defined according to the three-level International Standard Classification of Education (ISCED) and classified as primary, middle, or low. 26 Smoking status was defined as 'current' (for reported daily or occasional smoking), 'former', and 'never', and chronological age groups were classified as 18-29, 30-44, 45-64, and >65 years. Analyses of co-morbidity patterns were performed between younger and older adults using a cut-off level of 55 years of age (<55 vs. >55 years) according to previous research.
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Statistical analyses
All results were weighted to adjust for sampling probabilities and selective participation in order to represent the adult residential population of Germany, as previously described in detail. 14 refer to the number of participants who gave the information. The Rao-Scott χ 2 test of independence with second-order adjustment was used to test globally for differences in the distribution of proportions. 27 Besides age and gender, BMI categories, educational attainment, and smoking status as well as years of asthma duration were considered for adjustment as co-variables in multivariable logistic regression models. Missing values were excluded from the analyses and complete case analyses were performed. Based on two-sided tests, a significance level set at p<0.05 was regarded statistically significant.
Results
Sample characteristics
The characteristics of the whole sample of the pooled GEDA 2009 and 2010 surveys are summarised in Table 1 . From the available pooled sample of 43,312 persons interviewed between 2008 and 2010, 2,242 people reported current physician-diagnosed asthma (5.3%; 95% confidence interval (CI) 5.0% to 5.6%). The distribution of the main characteristics among those with and without asthma is shown in Table 2 . Persons with current asthma were significantly more likely also to report other chronic conditions (Table 2 ). More than 60% of adults with current asthma reported at least one of the eight selected chronic conditions compared with less than half of those without current asthma.
Relationship between asthma and co-morbidities
A statistically independent association between asthma and selected co-morbidities generally persisted after controlling for possible confounders in multivariable analyses (Table 3) . Independent associations with asthma were strongest for cardiovascular endorgan diseases and depression and least pronounced for a lifetime history of any cancer. Age-stratified analyses demonstrated that the independent pairwise associations were of similar direction and strength in both older and younger age groups (<55 vs. >55 years of age), while the prevalence of co-morbidities strongly increased among older adults independent of current asthma (see Table S1 in Appendix available online at www.thepcrj.org).
Relationship between the number of co-morbidities and asthma outcomes A total of 1,136 (5.3%) study participants (737 women, 399 men) of the total GEDA 2010 survey sample of 22,050 persons aged >18 years were included in the subset analysis. Among these, nearly every second person reported at least one asthma-related urgent care visit in the past 12 months (46.4%; 95% CI 42.6% to 50.3%). Overall, 9.0% (95% CI 7.1% to 11.5%) reported at least one asthma-related hospitalisation and/or ED admission, 22 and 45.3% (95% CI 41.5% to 49.2%) reported at least one unscheduled outpatient care visit for asthma.
The distribution of the main characteristics according to the number of co-morbidities (0, 1, 2, >3) is shown in Table 4 . Statistically significant differences were found according to age, educational attainment, and BMI status using the second-order adjusted Rao-Scott χ 2 test of independence. Both outcome measures were associated with the number of co-morbidities and odds ratios (OR) rose with increasing number of chronic conditions irrespective of age, gender, BMI status, educational attainment, smoking status, and asthma duration (Table 5 ). In particular, a threefold higher chance of an asthma-related unscheduled inpatient care visit and a twofold higher chance of an unscheduled asthma-related outpatient care visit were estimated among individuals with >3 chronic conditions compared with those without co-morbid conditions.
Discussion
Main findings
In this large national health interview study, a range of chronic conditions with high healthcare relevance was over-represented among adults with physician-diagnosed asthma compared with those without asthma. In particular, asthma was significantly associated with cardiovascular conditions and depression, irrespective of age. Among persons with asthma, the odds of any unscheduled asthma care visits (inpatient and outpatient) during the 12 months preceding the survey increased with increasing numbers of co-morbidities. Compared with persons without co-morbidities, those with multiple chronic conditions (>3) had a more than threefold higher chance of any asthma-related hospital/ED admission and a more than twofold higher chance of an unscheduled outpatient visit for urgent treatment of worsening asthma symptoms or an asthma attack.
Strengths and limitations of this study
We used data from a large national health survey covering a range of chronic health conditions. Our analyses were based on individual level data that do not only comprise information on the utilisation of asthma-related healthcare services, but also on individual characteristics such as anthropometric, socio-demographic and behavioural factors, and the age of asthma onset. By assessing the association of major chronic disease co-morbidity with unscheduled asthma care outcomes, our findings extend previous research addressing the effects of co-morbidity on the utilisation of nonspecific inpatient and outpatient healthcare services, 5 on asthmaspecific HRQoL, 8 and on asthma symptoms and/or attacks. 10 We assessed self-reported medical diagnoses cross-sectionally. Although this is considered an established method for assessing %, weighted prevalence of asthma outcomes refers to participants providing information for the variable of interest. Numbers of observations per variable (n) are unweighted and may vary due to the number of missing values.
Odds ratio (OR) and 95% confidence interval (95% CI) obtained from multivariable logistic regression analyses: *Crude OR. †OR adjusted for age group and gender. ‡OR adjusted for age group, gender, body mass index categories, educational attainment, smoking status, and asthma duration. morbidity in large epidemiological studies, 20 some methodological limitations need to be discussed. First, misclassification bias is an issue. A questionnaire-based definition of physician-diagnosed asthma in epidemiological studies is considered to have a high specificity and positive predictive value, 28 and adult patients were found to report physician-diagnosed asthma accurately. 29 Nevertheless, underdiagnosis of asthma cannot be excluded, particularly among elderly persons. [30] [31] [32] Moreover, it is conceivable that confounding of asthma and chronic obstructive pulmonary disease (COPD) might occur, especially with respect to older age. 33, 34 However, current evidence indicates that diagnostic confusion of both conditions in primary care has decreased in recent years, which might be due to better guideline implementation in clinical practice. 35 On the other hand, COPD might develop and overlap, particularly among older individuals with asthma. 36,37 COPD was not assessed in the present study and, hence, we could not disentangle the relationship between the two conditions. Still, the relationships between asthma and the co-morbidities were consistent in older and younger adults and the associations with asthma outcomes were also independent of years of asthma duration.
Second, it is conceivable that non-respiratory co-morbidities causing respiratory symptoms such as chronic heart failure might be missed among individuals with asthma. 32 Detection bias might therefore have resulted in an underestimation of the actual effect size in our results. On the other hand, detection bias might have led to an overestimation of the effect of the association with asthma and health conditions comprising relevant proportions of asymptomatic cases such as diabetes. However, a positive association between asthma and diabetes has also been reported from longitudinal assessments. 38, 39 Finally, we could not perform non-response analyses based on information collected for non-responders and responders. However, all results were weighted to adjust for sampling probabilities and selective participation in order to assure representativeness at the population level and increase the generalisability of the present findings to the adult population of Germany. 14, 15 Interpretation of findings in relation to previously published research a) Association of co-morbidities with asthma
The patterns and strengths of the relationships between asthma and co-morbidities observed in our study are essentially in line with reports from two large population-based surveys and a large health administrative data analysis. 4, 9, 10 Specifically, our observation that more than 60% of adults with asthma reported at least one concurrent disorder and 18% reported at least three concurrent disorders of high public health impact agrees very well with previous estimates obtained from an analysis of a large population-based administrative health database. 4 Our findings on cross-sectional relationships between asthma and co-morbidities are supported by results from previous longitudinal studies. [38] [39] [40] [41] In the present study, asthma was particularly related to cardiovascular diseases and depression, with ORs increased more than twofold. Moderate associations were found for other conditions, and were least pronounced for a lifetime history of any cancer. Adams et al. also reported approximately twofold higher ORs of self-reported stroke or heart disease in association with asthma. In this previous study, asthma was moderately and significantly associated with arthritis and cancer 9 while a positive relation between asthma and diabetes was not statistically significant. Zhang et al. previously showed considerable associations of asthma with mental health conditions with more than twofold higher ORs, and demonstrated moderately increased ORs for selfreported stroke, heart disease, high blood pressure, diabetes, and arthritis/ rheumatism. 10 In agreement with our results, no significant association between asthma and cancer was observed in this previous study. Findings on the relationships between asthma and co-morbidities based on administrative health service data are also consistent with our results. 4 Moreover, longitudinal associations of asthma with depression, cardiovascular diseases, and diabetes have also been observed in studies of the relationship between asthma and a single co-morbidity. [38] [39] [40] [41] These associations may be due to the fact that asthma and other chronic conditions share common risk factors such as obesity or smoking. As has been discussed for COPD, there may be an early interaction between disease processes on the basis of chronic inflammation. [42] [43] [44] Our observation that the strength of the association between asthma and chronic co-morbidities was of similar direction and strength in both older and younger individuals, while the prevalence of co-morbidities strongly increased among older adults independent of current asthma is supported by results from a previous large study of asthma co-morbidity including age-stratified analyses. Similar to the results of the present study, this previous study showed an age-related increase in the prevalence of cardiovascular and hypertensive disease, depression and diabetes, while the strength of the associations between asthma and these conditions remained stable across age groups. 3, 6 
b) Association of co-morbidities with asthma outcomes
In the present study the chance of asthma-related hospital/ED admissions and of unscheduled outpatient visits for urgent treatment of worsening asthma symptoms or an asthma attack increased with the number of co-morbidities. In particular, persons with asthma and >3 co-morbid conditions had a significantly twoto threefold higher chance of adverse outcomes compared to persons with asthma who had no concurrent chronic health condition, independent of age, gender, BMI status, educational attainment, smoking status, and asthma duration. This is in line with previous analyses based on an administrative health database which showed that among adults with asthma compared to those without co-morbidity was associated with a significant proportion of overall non-specific hospitalisations, emergency room visits, and ambulatory care visits. 5 Similarly, in two other population-based surveys, a negative effect of the presence of major chronic conditions on asthma-specific HRQoL 8 as well as on asthma symptoms and/or attacks 10 was observed. There are several possible explanations for the association between asthma co-morbidity and adverse asthma outcomes observed here and previously. First, the association could be due to interactive disease processes. Systemic inflammation has not only 28 been related to several chronic diseases such as cardiovascular endorgan disease and diabetes, but might also be common among adults with asthma. 42, 45 Interactive inflammatory processes have recently been suggested to contribute to a higher risk of asthma exacerbations in individuals with higher levels of non-asthma-related visits to the general practitioner. 46 However, the relationship between systemic inflammation and co-morbidity in asthma remains to be elucidated. 42 Second, the presence of multiple chronic conditions could also influence patient self-management. 47 In particular, several perceived barriers to self-care have been identified by authors of a qualitative study among adults aged >31 years who had two or more of the following chronic conditions: osteoarthritis, coronary artery disease, COPD, asthma, diabetes, hypertension, or congestive heart failure. 47 In this previous study, participants were facing competing demands between self-management tasks for one condition and self-care of another (e.g. difficulties in adhering to exercise for the management of diabetes in the presence of respiratory conditions). Moreover, in this previous study, drug treatment for one condition was found to increase the morbidity of another due to therapeutic or adverse effects. 47 Thus, thirdly, an additive effect of co-morbidity on asthma outcomes might also reflect drug effects including drug-drug interactions. Several drugs that are commonly used for the treatment of hypertension, cardiovascular conditions or osteoarthritis (e.g. non-steroidal anti-inflammatory drugs or betaadrenergic blockers) can influence asthma control. 48, 49 As the number of drugs increases and the medication regimen becomes more complex, barriers to adherence and the risk of drug interactions and adverse drug effects can also increase.
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Implications for future research, policy and practice Based on data from a large national health survey, we observed that chronic conditions that are highly prevalent in the general population and that have a substantial impact on the healthcare system commonly co-exist with asthma, irrespective of age. To date, this has been largely disregarded among adults with asthma and raises the question whether there is an early interaction between disease processes. Longitudinal epidemiological and experimental research needs to further clarify the mechanisms of more than chance cooccurrence in order to identify potential preventive strategies. One possibility that might be particularly relevant to clinical practice is the role of common risk factors in asthma co-morbidity. In order to reduce the burden of co-morbidity in later life, early interventions targeting common risk factors might be particularly relevant for young persons with asthma. In addition, the findings of our population-based study also highlight the need for considering co-morbidities in secondary and tertiary preventive care of patients with asthma.
The results of our population-based study provide evidence that multiple co-morbid conditions are common among adults with asthma. It can therefore be assumed that a significant number of individuals in the general asthma population face complex healthcare needs. So far, this reality has received little attention in clinical guidelines. As demonstrated in the present analysis, multiple comorbid conditions relate to an adverse asthma outcome. Thus, future research needs to investigate the mechanisms by which specific patterns of co-morbidity influence the clinical course and the outcome of asthma patients. Our findings further underline the need for interventions tailored to specific disease combinations in clinical practice. With a lack of sufficient evidence it has proved difficult to adapt evidence-based clinical guideline recommendations accordingly. 52 Apart from additive effects resulting from the interaction between disease processes or drug interactions, the effects of multiple co-morbidities on patient self-management as well as other aspects of patient complexity such as depression and social factors need to be considered. 53, 54 Conclusions National health survey data indicate that asthma co-morbidity has a high public health impact and needs to be adequately considered in clinical guidelines for the management of older as well as younger adults with asthma. Further research is needed to gain insight into the mechanisms underlying the observed independent association between asthma and various other chronic diseases -in particular cardiovascular conditions and depression -and to identify the specific healthcare needs of patients with asthma in the presence of specific co-morbidities.
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